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(54) Heat exchange unit, in particular for isothermal reactors 



(57) A heat exchange unit for isothermal reactors, 
comprising a plurality of substantially box-shaped plate 
exchangers (14), inside which is defined a chamber (1 8) 
intended to have an operating heat exchange fluid flow- 
ing through it and equipped with tubular fittings for the 
inlet and outlet (20a, 21a) of the fluid in and from the 
chamber (1 8), is distinguished by the fact that at least 
one of the exchangers (14) is internally equipped with a 
partition baffle (19), extending from one side (14b) of the 
exchanger (14) towards a side (14c) opposite to it and 
from which said partition baffle (19) is kept at a prede- 
termined distance, the partition baffle (1 9) defining in the 
chamber a substantially U-shaped fluid path with as- 
cending and descending parts (18a, 18b), respectively, 
in communication with the outside of the exchanger 
through the tubular fittings (20a, 21a). 
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Description 

Field of application 

[0001] The present invention, in its most general as- 
pect, refers to a reactor for carrying out exothermal or 
endothermic chemical reactions, of the type comprising 
a substantially cylindrical shell which is closed at the op- 
posite ends by respective bottoms, a reaction 7one in 
said shell wherein a catalytic bed is positioned, and a 
heat exchange unit immersed in said catalytic bed. 
[0002] In the following of the description and in the 
subsequent claims, by the term: "isothermal reactor", it 
is intended to mean, generally, a reactor of the type 
mentioned above wherein the reaction temperature is 
held close to a predetermined value or to a pattern of 
values, through an appropriate and continuous heat ex- 
change carried out in the catalytic bed. 
[0003] More in particular, the present invention refers 
to a heat exchange unit for isothermal reactors of the 
type considered here, comprising substantially box- 
shaped heat exchange elements orplate heat-exchang- 
ers, inside which is defined a chamber in communication 
with the outside through at least two tubular fittings, for 
the inlet and outlet of an operating heat exchange fluid, 
respectively, 

Prior art 

[0004] Generally, with the purpose of promoting the 
kinetics of a predetermined chemical reaction, both ex- 
othermal and endothermic, carried out in an isothermal 
reactor, the operating fluid used in the exchange unit of 
said reactor consists of a suitable and controlled flow of 
the reactant gases fed to the reactor itself. These gases, 
indeed, flowing across the respective heat exchange 
unit, in cocurrent or counter-current with the reaction 
products, take in or give off heat to the reaction environ- 
ment (catalytic bed), shifting the reaction itself towards 
its completion. Moreover, at the outlet of said heat ex- 
change unit, the reactant gases are fed directly to the 
catalytic bed at athermodynamically favourable temper- 
ature for the start of the reaction; from this point of view, 
they can be considered thermally conditioned. 
[0005] For the aforementioned reasons, although not 
only for these, the prevalent and constant teaching of 
the prior art for heat exchange units that use plate heat 
exchangers is that of equipping said exchangers with 
respective fittings forthe inlet and outlet of the operating 
fluid, which are positioned on opposite sides thereof. 
[0006] Although advantageous for many aspects, 
heat exchangers thus equipped have a recognized tech- 
nical drawback, basically due to the fact that the oper- 
ating fluid intended to be used in them can only consist 
of the flow of reactant gases fed to the reactor. A draw- 
back which is clearly seen when the exchanger is "rec- 
tangular" and is arranged with the long sides parallel to 
the axis of the reactor and when the reaction is of the 



exothermal type. 

[0007] Indeed, heat exchangers, immersed in the cat- 
alytic bed, are subject to a thermal expansion, which 
generally is different to that of the reactor shell. Thecon- 
s sequent different axial lengthening leads to a substantial 
"shifting" of the exchanger with respect to the shell, a 
shifting which can be detected above all at its upper and 
lower sides. It is precisely at these sides of the exchang- 
er that open out the ducts for the inlet and outlet of the 
operating fluid, respectively. 

[0008] In particular, using an operating fluid otherthan 
the reactant gases, e.g. (boiling) water, a diathermal liq- 
uid, or else melted salts and the like, both the inlet and 
the outlet ducts must have the opposite ends fastened 
to the shell and the exchanger, respectively. Ends that 
are thus subjected to different "shifts" due to the different 
thermal expansions, which are difficult to compensate 
for and, as such, are particularly harmful to the entire 
structure of the heat exchange unit. 

Summary of the invention 

[0009] The problem underlying 1he present invention 
is that of providing a heat exchange unit for isothermal 
reactors having structural and functional features such 
that the drawback mentioned above with reference to 
the prior art is completely overcome and at the same 
time allowing the use of operating fluids consisting of 
reactant gases fed to the reactor or of fluids different to 
such gases, such as boiling water melted salts, etc. 
[0010] This problem is solved according to the inven- 
tion by a heat exchange unit for isothermal reactors 
comprising a plurality of substantially box-shaped plate 
exchangers, inside which is defined a chamber intended 
to have an operating heat exchange fluid flowing 
through it and equipped with tubular fittings forthe inlet 
and outlet of said fluid in and from said chamber, char- 
acterized in that at least one of said exchangers is in- 
ternally equipped with a partition baffle, extending from 
one side of said exchanger towards a side opposite to 
it and from which said partition baffle is kept at a prede- 
termined distance, said partition baffle defining in said 
chamber a substantially U-shaped fluid path with as- 
cending and descending parts, respectively, in commu- 
nication with the outside of the exchanger through said 
tubular fittings. 

[0011] The advantages and the features of a heat ex- 
change unit according to the invention will become 
clearer from the following description of an indicative 
and non-limiting embodiment thereof, given hereafter 
with reference to the attached drawings. 

Brief description of the drawings 

[0012] 

Fig. 1 shows schematically, in perspective and in 
partial section an isothermal reactor using a heat 
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exchange unit according to the invention; 

Fig. 2 shows an enlarged detail of the heat ex- 
change unit of fig. 1 ; 

Fig. 3 shows a section made along line Ill-Ill of fig. 
2; and 

Fig. 4 shows an alternative embodiment of the detail 
of fig. 2, 

Detailed description 

[0013] With reference to figure 1 , with 1 is indicated - 
as a whole - an isothermal reactor comprising a cylin- 
drical shell 2, with a vertical axis, closed at the opposite 
ends by an upper 4 and a lower 3 bottom, respectively. 
The bottoms 4, 3, are conventionally equipped with pas- 
sages 6 and 8 for the introduction of reactants and the 
discharge of reaction products, in and from said isother- 
mal reactor 1 , respectively, as well as with a manhole 5 
and a passage 7 for the catalyst discharge. 
[0014] In the shell 2 is, defined a reaction zone or en- 
vironment 9, conventionally comprised between a me- 
tallic "cartridge" 10 and a central duct 12, extending at 
the axis of the shell itself. The cartridge 1 0 is cylindrical 
and coaxial to said shell 2, defining together with it a 
space 11 of reduced width. The cylindrical cartridge 10 
is perforated to allow the passage of reactant gases 
from said space 11 to said reaction zone, whereas the 
central duct 1 2, also permeable to gas. has a closed up- 
per end 12a and an open lower end 12b, which is in di- 
rect fluid communication with the passage 8 of the bot- 
tom 3. 

[0015] The reaction zone 9 is intended to contain a 
mass of an appropriate catalyst (not shown), in which a 
heat exchange unit indicated - as a whole - with 13 is 
immersed and supported. 

[0016] Said heat exchange unit 13 has a generally cy- 
lindrical shape, with an outer diameter substantially 
equal to the inner diameter of the cartridge 10 and an 
inner diameter substantially equal to the outer diameter 
of the axial duct 12. 

[0017] In particular, according to a preferred but not 
limiting embodiment shown in fig. 1 , said heat exchange 
unit 1 3 comprises a plurality of heat exchangers 1 4, reg- 
ularly distributed in three coaxial and concentric rows. 
Each exchanger 14 (fig. 2) has a substantially flat box- 
shaped structure, with an essentially elongated rectan- 
gular form. According to the arrangement of fig. 1 . in the 
exchange unit 13 all of the exchangers 14 are arranged 
with their long sides 14a parallel to the axis of the shell 
2 and their short sides extended radially with respect to 
it. 

[0018] Still more in particular (figs. 2, 3). the exchang- 
ers 14 are made of a pair of juxtaposed metallic plates 
15, 16. joined together through perimetric soldering 17, 
and separated at a predetermined distance so that a 



chamber 18 is defined between them for the flowing of 
an operating heat exchange fluid. 
[0019] In accordance with a feature of the present in- 
vention, inside each exchanger 1 4 is provided a partition 
s baffle 1 9, extending from one of its short sides 1 4b and 
having a predetermined length that is less than that of 
the long sides 14a. Said partition baffle 19 extending in 
the same direction as the long sides 14a. 
[0020] Preferably, the partition baffle 19 is obtained 
10 through the mutual soldering of the two plates 15 and 
16 that form said exchanger 14, starting at half way 
along one of theirshortsides 1 4b and extending towards 
the opposite short side 14c, from which it is separated 
by a predetermined distance. 
'5 [0021] Due to the presence of said partition baffle 19 
the chamber 1 8 of each exchanger 1 4 is subdivided into 
two contiguous parts 1 8a, 1 8b. The parts 1 8a, 1 8b are 
in communication between them only in an area nearto 
the short side 14c, opposite to the short side 14b from 
20 which departs the partition baffle itself. 

[0022] In accordance with another feature of the 
present invention, each of the two parts 1 8a, 1 8b of the 
inner chamber 1 8, of each exchanger, is in communica- 
tion with the outside through a respective opening 20 
25 21 , provided in said exchanger 14 at its short side 14b 
from which the partition baffle 19 protrudes. 
[0023] Advantageously, respective tubular fittings 
20a, 21a are engaged in said openings 20, 21, already 
during the manufacture of the exchanger. 
30 [0024] As will be shown more clearly in the following 
of the description, in each exchanger 14, the aforemen- 
tioned parts 18a, 18b of the chamber 18 constitute the 
ascending part and the descending part, respectively, 
of a substantially inverted U-shaped path for a prede- 
35 termined heat exchange fluid. 

[0025] When arranged to obtain said heat exchange 
unit 13 of the present invention, in the arrangement de- 
scribed above (fig. 1), the exchangers 14 have vertical 
long sides 14a and horizontal shortsides 14b, 14c which 
40 are radially extended in the shell 2. More precisely, the 
side 14b, with respective openings 20 and 21. consti- 
tutes the lower side of each exchanger 14, where said 
exchanger is supported inside the shell 2, in a per se 
known way that is not represented. 
45 [0026] For each tern of exchangers 14 lined up radi- 
ally, is provided a duct 22, for the feeding-distribution of 
an operating fluid, and a collector duct 23, for the col- 
lection and discharge of said fluid. The duct 22 is con- 
nected to the tubular fittings 20a of said exchangers 14 
so through ducts 2a. whereas the duct 23 is connected to 
its tubular fittings 21a through ducts 23a. 
[0027] The feeding duct 22 passes through the shel 
2, to be connected, outside of it, to a source, not shown 
of said operating fluid (e.g. consisting of boiling water. 
55 or melted salts and the like). 

[0028] The collector tube 23, in the same way as the 
feeding duct 22, crosses the shell 2, to be connected to 
different applications outside the reactor 1 . 
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[0029] The engagement of the ducts 22 and 23 
through the shell 2 is obtained through suitable nozzles 
24 and 25, respectively, provided in the shell at a height 
near to or coinciding with that of the lower sides 14b of 
the individual exchangers 14. 
[0030] I n any case, the exchangers can freely expand 
upwards, where there is no attachment between them 
and the shell 2. 

[0031] Accordingly, the serious drawbacks of me- 
chanical nature are completely overcome, which were 
caused by the differing thermal expansions of the ex- 
changers and of the shell and occurred when in the prior 
art exchangers operating fluids different from the reac- 
tants gases were used. 

[0032] The heat exchange unit 13 structured accord- 
ing to the present invention, provides also the advan- 
tage of allowing the contemporary use of operating flu- 
ids of different nature. For example, with reference to 
the arrangement of figure 1 and to an exothermal reac- 
tion being carried out, the exchangers 1 4 of two annular 
rows may use the reactant gases, whereas those of the 
third row, for example the intermediate annular row, may 
use boiling water. In this case, removal of heat from the 
reaction environment as well as thermal conditioning of 
the reactant gases to be reacted and steam production 
would be obtained. 

[0033] In this case, for the exchangers 14 of the two 
annular rows crossed by the reactants gases as oper- 
ating fluid, it is provided a collector duct 23 arranged in 
fluid communication with a portion of said shell 2 laying 
above the area housing the catalytic bed or the reaction 
zone. 

[0034] In fig. 4 an alternative embodiment of the ex- 
changer 14 is Illustrated, specifically, even if not exclu- 
sively indicated when the operating fluid to be used is 
water. According to this alternative, the partition baffle 
1 9 extends, inside the chamber 1 8, in a direction forming 
an angle with said side 1 4b of the exchanger 1 4. In other 
words in a direction which is inclined with respect to long 
sides of the exchanger itself, so to define in said cham- 
ber 1 8 a U-shaped fluid path, having both an ascending 
and descending part of increasingly larger cross sec- 
tion. 

[0035] The so conceived invention is subject to vari- 
ations and changes, all falling within the scope of pro- 
tection defined by the following claims. 
[0036] Forexample, itisobviouslypossibletoarrange 
the openings 20 and 21 of said heat exchanger 14 at 
opposite long sides 1 4a, at a height close or coincident 
with that of the short lower side 1 4b. 



fluid flowing through it and equipped with tubular fit- 
tings for the inlet and outlet (20a, 21a) of said fluid 
in and from said chamber (18), characterized in 
that at least one of said exchangers (14) is internal- 

s ly equipped with a partition baffle (19), extending 
from one side (14b) of said exchanger (14) towards 
a side (14c) opposite to it and from which said par- 
tition baffle (19) is kept at a predetermined distance, 
said partition baffle (1 9) defining in said chamber a 

10 substantially U-shaped fluid path with ascending 
and descending parts (18a, 18b), respectively, in 
communication with the outside of the exchanger 
through said tubular fittings (20a, 21a). 

'5 2. Heat exchange unit according to claim 1 , charac- 
terized in that said tubularfittings (2a, 21a) are en- 
gaged in respective openings (20, 21) provided in 
said side (14b) of the exchanger (14) from which 
the partition baffle extends (19). 

20 

3. Heat exchange unit according to claim 2, charac- 
terized in that said partition baffle (1 9) extends into 
said chamber (18) in a direction forming an angle 
with said side (14b), whereby the parts (18a, 18b) 
25 of said fluid path inside the exchanger (1 4) have an 
increasingly larger cross section. 
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1. Heat exchange unit for isothermal reactors, com- 55 
prising a plurality of substantially box-shaped plate 
exchangers (14), inside which is defined a chamber 
(18) intended to have an operating heat exchange 



4 



EP 1 279 915 A1 




EP 1 279 915 A1 




6 



EP 1 279 915 A1 




Fig. 3 



7 



EP 1 279 915 A1 




8 



EP 1 279 915 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

E? 01 11 7964 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation ol document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (lnt,CI.7) 


>; 


FR 2 771 802 A (DIETRICH & CIE DF) 
4 June 1999 (1999-06-04) 

* page 6, 1 ■ ne 5 - line 14 * 
+ page 7, Vne 29 - line 35 * 

* Page 10, "ine 14 - page 11, 11 re 2; 
figures 3,9, 16 * 


1,2 


F28D9/00 
B01J8/02 


X 


FR 2 797 039 A (ZIEPACK! 
2 February 2001 (2001-02-02} 

* page 6, line 33 - page 9, line 25 * 

* page 12, line 25 - page 13, line 12 * 

>* nanp Id 'line ?(1 — nana 1^ lUno Id' 

* payc x *+ -, l Milt L\i (Jayy A 3' j, 1 trie 14, 

figures 1,8,11,12 * 


1,2 




X 


US 3 595 308 A (DURBIN LEWIS H) 

97 lulu 1Q71 ( 1Q71 _fl7-?7 1 

* column 3, line 11 line 44; figures 1-4 

+ 


1,2 




X 


FR 784 885 A (STUDIEN UND VERWERTUNGS GES 


1.2 






M) 27 July 1935 (1935-07-27) 

* page 1, line 1 - line 59; figure 1 * 


TECHNICAL FIELDS 
SEARCHED (lnt.Ct,7) 


A 


US 3 796 547 A (MLOGER J) 
12 March 1974 (1974-03-12) 
* column 7, line 54 - column 11, line 35: 

figures 1-8 * 


1-2 


F28D 

B01J 

F28F 


A 


DE 35 08 240 A (KLOECKNER HUMBOLDT DEUTZ 

AG) 11 September 1986 (1986-09-11) 

* column 6, line 9 - line 34; figure 1 * 


1-3 




A 


US 5 013 426 A (LE PAGE JEAN-FRANCOIS ET 
AL) 7 May 1991 (1991-05-07) 






A 


EP 0 989 621 A (GEN MOTORS CORP) 
29 March 2000 (2000-03-29) 








The present sear ch report has been drawn up tor all claims 







I <;i«t gi soimti 

THE HAGUE 



..'/an <ti comp at on o1 the seaidi 

15 January 2002 



Efcantimar 

Beltzung, F 



category or cni:D documents 

particularly reievan-i II taken aiotit! 
particularly relevant if combined with another 
docinmienl ol (fie same category 
leduiological background 
. nan -written disclosures 
Interrnodiate document 



T theory' of principle underiyiny tints invststkin 
£ : eariter patent document, but publisher:! on. or 

after the filing dale 
D : document cited iin the application 
I document, cited tor othei reasons 

& : member ot the same patent family, corresponding 
docum&ftl 



9 



EP 1 279 915 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 11 7964 



This annex lists the oaten family members relating to the patent documents cited in tile above- mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable tor these particulars which are merely given tor trie purpose of Information. 

15-01-2002 



Patent document 
cited in search report 



FR 2771802 



FR 2797039 



Publication 

date 



04-06-1999 



FR 
EP 
WO 
OP 



02-02-2001 FR 
W0 



Patent family 
member(s; 



2771302 Al 
103629E Al 
9928691 Al 
2001525532 T 



2797039 Al 
0107854 Al 



Publication 
date 



04-06-1999 
20-09-2000 

10- 06-1999 

11- 1.2-2001 



02-02-2001 
01-02-2001, 



US 3595308. 


A 


27-07-1971 


NONE 






FR 784885 


A 


27-07-1935 


NONE 






US 3796547 


A 


12-03-1974 


OS 


3666423 A 


30-05-1972 


DE 3508240 


A 


11-09-1986 


DE 


3508240 Al 


11-09-1986 


US 5013426 


A 


07-05-1991 


FR 


263363!i Al 


05-01-1990 








EP 


0405038 Al 


02-01-1991 








OP 


2060993 A 


01-03-1990 








KR 


9306816 Bl 


24-07-1993 


EP 0989621 


A 


29-03-2000 


US 


6132689 A 


17-10-2000 








EP 


0989621 A2 


29-03-2000 








OP 


3218232 B2 


15-10-2001 








JP 


200009550? A 


04-04-2000 



For more details about this annex .; see Official Journai of the European Patent OHice, No. 12/82 



10 



